Background: Obesity has been recognized as important risk factors for colorectal cancer. However, limited evidence is available on colorectal cancer and body mass index (BMI) in Asian population.
introduction
A condition of overweight or obese is recognized as one of the strong risk factors on many health conditions including some cancers and more than a billion of people in the world are now in that condition [1] . As in the west, many Asian countries including Japan are experiencing a steep rise in the prevalence of obesity in their populations, although the prevalence remains lower compared with those in the Western countries [2, 3] .
A higher body mass index (BMI) has been identified as an independent risk factor for colorectal cancer in many epidemiologic studies [4] [5] [6] [7] [8] [9] [10] [11] . Recent meta-analysis including studies mainly from Western countries demonstrated moderate but significant association between BMI and colorectal, especially colon cancer risk [12] [13] [14] . Considering different trends in obesity prevalence and colorectal cancer incidence between Western and Asian countries, it is essential to have a concrete estimates of impact of BMI on colorectal cancer incidence in Asian population. A recent pooled analysis from Asian countries reported a positive association between colorectal cancer mortality and BMI [15] ; however, to the best of our knowledge, scarce evidence by pooled analysis with considerable population size is available on BMI and colorectal cancer incidence in Asia.
In the present study, we conducted a pooled analysis of eight population-based prospective cohorts studies in Japan with >300 000 subjects to evaluate the impact of high BMI on colorectal cancer risk with unified BMI categories.
materials and methods

study population
The present study was conducted using data from eight representative ongoing large-scale population-based cohort studies in Japan, namely (i) the Japan Public Health Center-based Prospective Study (JPHC-I) [16] , (ii) the Japan Public Health Center-based Prospective Study (JPHC-II) [16] , (iii) the Japan Collaborative Cohort Study (JACC) [17] , (iv) the Miyagi Cohort Study (MIYAGI-I) [18] , (v) the Three-Prefecture Cohort Study in Miyagi (MIYAGI-II) [19] , (vi) the Three-Prefecture Cohort study in Aichi (AICHI) [19] , (vii) the Takayama Study (TAKAYAMA) [20] and (viii) the Ohsaki Cohort Study (OHSAKI) [21] . All of these studies started after the mid-1980s and enrolled >30 000 participants. Furthermore, each included exposure information on anthropometric factors in the baseline questionnaire and collected the incidence or mortality of all cancers as outcome information during follow-up. The relevant institutional ethical review board approved each study. Five of these studies (JPHC-I and -II, JACC, MIYAGI-I and TAKAYAMA) have already published results on the association between BMI and colorectal cancer risk in the respective cohort [8, 20, 22, 23] . In this study, we reanalyzed the results of each study using the updated dataset. Selected characteristics of the cohort studies included in the present study are described in Table 1 .
follow-up Information on the cause of death was obtained from death certificates, coded according to the International Classification of Disease, Tenth Revision (ICD-10) [24] . Information on cancer diagnosis was collected for the whole population and was coded using the International Classification of Diseases for Oncology, Third Edition (ICD-O-3) [25] .
assessment of outcome
Study outcome was defined as the incidence of colorectal cancer (ICD-O-3 T-code: C18.0, C18.1, C18.2, C18.3, C18.4, C18.5, C18.6, C18.7, C18.8, C18.9, C19.9 and C20.9) during the follow-up period of each study. Subjects were categorized for subsite analysis as follows: (i) colorectal cancer overall: C18.0, C18.1, C18.2, C18.3, C18.4, C18.5, C18.6, C18.7, C18.8, C18.9, C19.9 and C20.9, (ii) colon cancer: C18.0, C18.1, C18.2, C18.3, C18.4, C18.5, C18.6, C18.7, C18.8 and C18.9, (iii) proximal colon cancer: C18.0, C18.1, C18.2, C18.3 and C18.4, (iv) distal colon cancer: C18.5, C18.6 and C18.7 and (v) rectal cancer C19.9 and C20.9.
assessment of exposure
BMI was assessed by self-administered questionnaires at baseline in each study. Although the style of the questions differed by study, each study calculated BMI as weight in kilogram divided by square of the height in meter in their questionnaires. BMI was then divided into categories by using identical cut points across studies: <19, 19 to <21, 21 to <23, 23 to <25, 25 to <27, 27 to <30 and ‡30 kg/m 2 . We defined 23 to <25 kg/m 2 as reference category. Correlation coefficients that compared BMI estimated from the questionnaire with BMI from actually measured weight and height were JPHC-I and -II: 0.89 in men and 0.90 in women [26] and MIYAGI-I 0.91 for both sexes [5] . Correlation coefficients for height and weight in both sexes in TAKAYAMA were 0.93 and 0.97 [20] and in MIYAGI-I 0.97 To obtain a single pooled estimate of the HR from the individual studies for each category, we applied a random effects model [27] . We did not include in the study any pooled estimates for categories without cases. The extent of heterogeneity for each category was indicated by Cochran's Q-statistic, which was considered statistically significant when P < 0.10. The I 2 -statistic was also reported to describe the percentage of total variation in the study-specific HRs, which was due to heterogeneity [28] . Dose-response relationship was examined by models in which actual BMI values were included as explanatory variable, which would provide HRs by 1 kg/m 2 increase of BMI. The 'metan' command (http://www.stata.com/stb/stb44) for STATA was used for meta-analysis. In addition, to express the impact of BMI on the risk of colorectal cancer, the population attributable fraction (PAF) (%) was estimated as pd(HR21)/HR, where pd is the proportion of cases exposed to the risk factors [29] .
results
As shown in Table 1 , the present pooled analysis included eight large-scale population-based prospective cohort studies comprising 341 384 subjects (157 927 males and 183 457 females) with 4979 incident colorectal cancer cases (3055 males and 1924 females) during 3 765 498 person-years of follow-up (average follow-up: 11.0 years). At baseline, those with BMI ‡25 kg/m 2 consisted 23.3% for males and 25.2% for females. These values are comparable to those reported in the same period with the same age group [2] . showed aHR below unity, though they were not statistically significant. In subsite-specific analyses, we observed a consistent result in terms of linear trends except rectal cancer. For rectal cancer, only those with BMI ‡30 kg/m 2 showed significant association. Interestingly, effect of higher BMI appeared in smaller BMI values in more proximal site. Proximity of subsites seemed associated with smaller threshold of BMI. A significant association with proximal colon cancer appeared in those with BMI >25 kg/m 2 , while the significant association appeared in BMI >27 kg/m 2 for distal colon cancer and BMI ‡30 kg/m 2 for rectal cancer. Significant reduced risk was not observed in leaner subgroups using overall dataset. We also evaluated potential heterogeneity of results. We found that colorectal cancer analyses showed marginally significant heterogeneity, but for subsite-specific analyses, there seemed no significant heterogeneity across studies. Table 3 shows results for females. Although point estimates of aHRs were relatively smaller than those for males, trends of association were consistent with males. The aHRs for colorectal cancer by BMI per 1 kg/m 2 were 1.02 (95% CI 1.00-1.03). In the subsite-specific analyses, colon cancer showed positive association regardless of subsite. In contrast, rectal cancer did not show linear association at all. In distal colon cancer, significant association was seen for those with BMI 25-26.9 kg/m 2 group and ‡30 kg/m 2 groups but not with 27-29.9 kg/m 2 groups. Stratified analysis by menopausal status showed that the association was significant in colon cancers among postmenopausal women but not in premenopausal women. For rectal cancer, aHRs higher than unity were seen in those with BMI <19 kg/m 2 though not significant. We did not see any statistically significant heterogeneity in all patterns of analysis.
We observed statistically significant association between higher BMI and colorectal cancer risk in this pooled analysis. By using current results, we estimated PAF of BMI ‡25 kg/m 2 on colorectal cancer in men and women. For males, PAFs estimates were 1.56% for BMI 25-26.9 group, 1.42% for 27-29.9 group and 0.64% for 30 or higher group. As a whole, 3.62% (95% CI 1.91-5.30) was attributed to 25 or higher BMI for male colorectal cancer. For females, PAFs estimates were 0.89% for BMI 25-26.9 group, 0.91% for 27-29.9 group, 0.83% for 30 or higher group and 2.62% (95% CI 0.74-4.47) for a whole.
discussion
This study is the first and the largest pooled analysis examining an association between BMI and colorectal cancer risk among Asian population, to the best of our knowledge. By pooling data of eight population-based cohort studies with original articles Annals of Oncology a Adjusted for age and area. b Adjusted for age, area, smoking (never, former, current <20 pieces/day, current ‡20 pieces/day or unknown) and drinking (never, <1 week/day, current <23 g/day, 23 to <46 g/day, 46 to <69, 69 to <92 and ‡92 g/day).
c Adjusted for age, area, smoking (never, former, current <20 pieces/day, current ‡20 pieces/day or unknown), drinking (never, <1 week/day, current <23 g/day, 23 to <46 g/day, 46 to <69, 69 to <92 and ‡92 g/day) and total energy, red meat in quartile, dietary fiber in quartile, calcium intake in quartile, folate intake in quartile and recreational physical exercise. This model is only for JPHC1, JPHC2, JACC, MIYAGI1, OHSAKI and Takayama based on availability of adjusting factors. Adjusted for age, area, smoking (never, former, current or unknown) and drinking (never, <1 week/day, current <23 g/day, ‡23 g/day). c Adjusted for age, area, smoking (never, former, current or unknown), drinking (never, <1 week/day, current <23 g/day, ‡23 g/day) and total energy, red meat in quartile, dietary fiber in quartile, calcium intake in quartile, folate intake in quartile and recreational physical exercise. This model is only for JPHC1, JPHC2, JACC, MIYAGI1, OHSAKI and Takayama based on availability of adjusting factors. original articles Annals of Oncology >300 000 Japanese, we have demonstrated that higher BMI increases the risk of colorectal cancer in Japan. The association was stronger in males than in females and the pattern of association between BMI and risk were stronger in colon than in rectum. Our finding is consistent with the former meta-analysis using studies mainly from Western countries [12] [13] [14] . A recent meta-analysis of 58 studies showed that HRs for colorectal cancer by 5 kg/m 2 BMI increase in Western populations (1.23 for North American population and 1.13 in European population) [14] . This is almost comparable with our finding in this pooled analysis (1.16 for 5 kg/m 2 increase). In terms of sex difference, the study showed HRs for BMI ‡30 kg/m 2 as 1.53 for men and 1.26 for females [14] and these were similar in our analysis (Tables 1 and 2 ). Similarly, a heterogeneity by subsite is comparable between ours and the published meta-analyses.
To date, only a limited numbers of prospective studies in Japan have been conducted to evaluate association between colorectal cancer and BMI [8, 20, 22, 23] . One reported significant positive association only in colon cancer in women [22] , another reported significant association with colorectal cancer in women [23] , while the rest reported positive association in colorectal and colon cancer in men [8, 20] . The reason for this heterogeneity might partly be due to limited statistical power to detect the association in each study. In this sense, an approach of this study might resolve statistical limitations in each of individual study result of this study is very important in terms of having stable estimation in this topic. Moreover, very limited evidence in Asian population warrants an importance of findings in this study in planning of cancer prevention.
In last several decades, average BMI in Japanese population increased constantly [2, 3] , although proportion of obesity has been low compared with Western populations. Taken concrete association between colorectal cancer risk and BMI in this study, constant BMI increase in Japanese population over decades is one of the unequivocal reasons for rapid increase on colorectal cancer incidence in Japan observed until early 1990s [30] . In other words, reducing burden of excess BMI in Japanese population can prevent substantial proportion of colorectal cancer.
PAF is one of the indicators for proportion of preventable fraction in certain population. In this study, PAFs by BMI ‡25 kg/m 2 were revealed to be 3.6% for males and 2.6% for females, indicating that potential quantitative impacts of reducing BMI <25 on colorectal cancer in Japanese population. This is smaller than those estimated in Western population [31] . Renehan et al. recently estimated PAF of BMI ‡25 kg/m 2 on colon (10.92% for males and 2.57% for females) and rectal cancer (5.05 for males) by using data of 30 countries in Europe. This difference might be reasonable because there is large difference in prevalence of obesity or overweight between Japanese and Western population [1] [2] [3] because HRs for 5 kg/m 2 BMI increase in Western populations (1.23 for North American population and 1.13 in European population) [14] are almost comparable with our finding in this pooled analysis (1.16 for 5 kg/m 2 increase). Considering a rapid increase in the proportion of overweight and obesity in Asian population [1] , we may imagine the increase of colorectal cancer burden in Asia in near future. That is to say expected increase of colorectal cancer will be prevented if the appropriate program for obesity will be applied.
The present study has several strengths. It included most of the ongoing, large-scale prospective cohorts in Japan. Total numbers of subjects in this analysis is very large warranting statistical power to detect association between BMI and colorectal cancer risk. In addition, the birth generation of the study subjects in the cohorts overlapped. Therefore, pooling of these cohorts allows for stable summary quantitative estimates of the effect of BMI on premature death in middle-aged and elderly Japanese adults. The use of incidence rather than mortality as an end point is advantageous enabling directly referring risk contribution by BMI. At the same time, because this study was not based on a meta-analysis of published studies, the possibility of publication bias is small. In the studies included in this pooled analysis, BMI was measured before colorectal cancer incidence, which precludes the possibility of selection and recall bias. Most of the studies used validated questionnaires or equivalent ones for BMI measurement; therefore, impact of error in the analysis can be limited if it exists. In addition, the categories for BMI and the covariates used were identical across study, which removes a potential source of heterogeneity that can occur when conducting a metaanalysis of published studies.
However, there are several limitations that warrant consideration. We observed significant heterogeneity of association in colorectal cancer in men. Although we applied random effects model, an effect of this on summary estimates can be undeniable. As our analyses were conducted using only a baseline questionnaire, we were unable to consider changes over time in BMI. Similar is true to change of potential confounders in the analysis. Although we considered potential confounders in the analysis, potential residual confounding cannot be completely ruled out. Lastly, we estimated PAFs based upon distribution of BMI within cohorts in this analysis. Assuming potential selection bias of subjects in the studies pooled, our PAFs estimated in this analysis could be under/ overestimated ones. Therefore, PAFs should be carefully interpreted.
In conclusion, we found a positive and a significant association between BMI and colorectal cancer risk by pooling of data from cohort studies with considerable number of subjects among Japanese population. This association was stronger in colon, especially in proximal colon, relative to rectum. Males showed stronger association than females. This information is important in cancer control planning by prevention of obesity especially in Asian population. 
